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INTRODUCTION 


Ovarian  cancer  is  the  most  deadly  gynecologic  malignancy.  About  26,500  women  are  diagnosed  with 
this  cancer  each  year  and  have  an  overall  5-year  survival  rate  of  only  47%  (1,  2).  For  most  patients,  surgery 
alone  does  not  cure  the  cancer  due  to  the  spread  of  tumors  beyond  the  confines  of  the  ovary,  and  management  in 
the  clinic  often  requires  use  of  toxic  chemotherapy  regimens.  The  progressive  growth  of  ovarian  cancer  depends, 
in  part,  on  the  formation  of  an  adequate  blood  supply,  and  tumor  angiogenesis  has  been  reported  to  have 
prognostic  significance  in  epithelial  ovarian  cancer  (3).  Therapy  directed  toward  the  vasculature  of  solid  tumors 
is  now  being  pursued  as  an  important  new  direction  in  cancer  treatment,  because  avascular  tumors  exhibit  limited 
growth  (4,5)  and  tumor  aggressiveness  and  metastatic  potential  commonly  correlate  with  tumor  vascularity  (6). 

Vascular  endothelial  growth  factor  (VEGF)  is  produced  by  most  solid  tumors  and  elicits  a  mitogenic 
effect  on  tumor-associated  endothelial  cells  (7,  8).  VEGF  binding  to  receptor  tyrosine  kinases  triggers 
activation  of  downstream  signaling  enzymes,  including  MAP  kinase,  which,  in  turn,  regulate  gene  expression 
and  specific  endothelial  cell  responses  including  proliferation,  migration,  differentiation,  and  apoptosis  (9, 10). 
Several  studies  suggest  that  VEGF  plays  an  important  role  in  progression  of  ovarian  cancer  (3,11,12),  and  the 
ability  of  VEGF  to  increase  vascular  permeability  (7,  8, 13)  may  also  promote  formation  of  malignant  ascites 
(14).  Growth  factor  pathways,  such  as  those  dependent  on  the  HER-2  receptor,  appear  to  up-regulate  VEGF 
production  in  some  solid  tumors  (15).  Since  HER-2  receptor  is  overexpressed  in  a  significant  number  of 
ovarian  cancers  (16, 17),  it  may  also  play  a  role  in  promoting  further  growth  of  ovarian  malignancy  by 
increasing  VEGF-dependent  tumor  angiogenesis. 

Squalamine,  a  natural  sterol  from  tissues  of  the  dogfish  shark  (18),  has  significant  antiangiogenic  and 
antitumor  activity  in  laboratory  models  of  brain,  breast  and  lung  cancer  (19-22).  Squalamine  is  a  7,24- 
dihydroxylated  24-sulfated  cholestane  steroid  conjugated  to  spermidine  at  C-3.  Squalamine  blocks 
endothelial  cell  growth  and  has  inhibitory  activity  in  chick  embryo  chorioallantoic  membrane  and  rabbit  comeal 
micropocket  assays  (19, 20, 23).  This  antiangiogenic  agent  may  have  good  potential  for  clinical  application 
because  it  inhibits  endothelial  cell  proliferation  induced  by  a  wide  range  of  growth  factors,  including  VEGF 
(19).  This  inhibition  may  result,  in  part,  from  its  interaction  with  endothelial  cell  surface  proton  pumps,  thereby 
altering  intracellular  pH  and  impeding  signaling  by  growth  factors  (24, 25).  When  administered  as  a  single 
agent  in  nude  mice  with  lung  cancer  xenografts,  squalamine  has  limited  antitumor  activity,  but  the 
antiangiogenic  steroid  significantly  enhances  the  antitumor  efficacy  of  cisplatin  and  carboplatin/paclitaxel 
chemotherapies  (20-22).  Since  platinum-based  treatments  are  often  used  for  human  ovarian  cancers  (1,2), 
squalamine  in  combination  with  cisplatin  was  studied  to  assess  its  utility  as  part  of  a  coordinated  attack  against 
human  ovarian  cancers  and  their  blood  supply.  One  additional  feature  we  were  particularly  interested  in  was 
the  consequence  of  HER-2  oncogene  overexpression  for  squalamine  modulation  of  growth  in  ovarian  tumor 
xenografts.  Amplification  and/or  overexpression  of  HER-2  proto-oncogene  in  human  cancers,  including 
ovarian  cancers,  is  often  associated  with  poor  clinical  outcome  (16,17),  and  human  ovarian  tumor  cells  with 
overexpression  of  HER-2  membrane  receptor  also  exhibit  resistance  to  cisplatin  (26).  We  therefore  examined 
whether  the  level  of  HER-2  expression  in  paired  HER-2 -transfected  and  non-transfected  ovarian  cancers 
influenced  the  degree  of  tumor  growth  inhibition  seen  with  squalamine  with  or  without  concomitant  platinum- 
based  treatment. 

BODY;  RESEARCH  PROGRESS 


AIM  11  Evaluation  of  the  angiogenic  activity  due  to  HER-2  gene  overexpression  in  human  ovarian  cells. 

l.a.  Squalamine  Does  not  Affect  VEGF  Secretion  in  vitro  for  Ovarian  Cancer  Cells  with  or  without  HER-2 
Gene  Overexpression. 

HER-2  overexpression  is  generally  thought  to  lead  to  tumor  development  through  its  effects  on  promoting 
uncontrolled  cancer  cell  growth.  However,  recent  findings  suggest  that  HER-2  may  also  regulate  cell  survival 
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functions  such  as  angiogenesis  by  promoting  tumor  production  of  VEGF  (15).  To  explore  how  HER-2  may 
contribute  to  angiogenesis  in  ovarian  cancer,  we  evaluated  HER-2  effects  on  in  vitro  VEGF  secretion  by  human 
ovarian  tumor  cells.  Parent  and  HER-2-overexpressing  ovarian  2008  cells  were  incubated  for  72  h  in  vitro,  and 
secretion  of  VEGF  into  conditioned  media  was  measured  by  use  of  established  enzyme-linked  immunosorbant 
assay  (ELISA)  (13, 15)  (Fig.  1).  Parent  ovarian  cancer  cells  show  significant  secretion  of  VEGF,  and,  after 
transfection  of  ovarian  cells  with  HER-2  gene  to  high  levels,  a  further  increase  in  VEGF  secretion  was  foimd. 

In  parallel  in  vitro  studies,  treatment  of  ovarian  cancer  cells  with  squalamine  elicited  no  significant  effect  on 
secretion  of  VEGF  (Fig.  1).  Thus,  HER-2  overexpression  may  contribute  to  angiogenesis  through  up-regulation 
of  VEGF  secretion  in  ovarian  cancer,  but  squalamine  is  not  antiangiogenic  at  this  step  in  tumor-associated 
angiogenesis  since  it  does  not  appear  to  directly  affect  secretion  of  VEGF  by  ovarian  epithelial  tumor  cells. 


yi 

PAR-Cn  PAR-SQ  HER2-Cn  HER2-SQ 


Fig.  1 .  VEGF  secretion  by  ovarian  cancer  cells  with  or  without 
HER-2  gene  overexpression.  Ovarian  2008  parental  cells 
(PAR)  (27)  and  ovarian  2008  HER-2-overexpressing  cells 
(HER2)  (26,28, 29)  were  grown  in  vitro,  either  with  control 
media  (Cn)  or  media  with  squalamine  (SQ;16  pM).  After  72 
hrs,  media  were  collected  and  processed  for  ELISA  assay  of 
VEGF  (13,30).  Data  represent  mean  +  SEM  units  of  VEGF 
secretion. 


AIM  2)  Assessment  of  the  biologic  activities  of  squalamine,  a  newly-synthesized  antiangiogenic  steroid,  using 
human  vascular  endothelial  cells  in  vitro. 

2.a.  Squalamine  Blocks  VEGF-Stimulated  Proliferation  of  Endothelial  Cells  in  vitro. 

To  assess  potential  biologic  mechanisms  for  antiangiogenic  and  antitumor  effects  of  squalamine  noted 
previously,  human  umbilical  vein  endothelial  cells  (HUVEC)  were  grown  in  vitro.  VEGF  elicits  significant 
proliferation  of  HUVEC  cells  by  72  h.  In  the  absence  of  VEGF,  squalamine  has  no  effect  on  proliferation  or 
survival  of  HUVEC  cells.  However,  in  the  presence  of  VEGF,  squalamine  elicited  a  significant  reduction  in 
VEGF-induced  endothelial  cell  proliferation  (P<0.001)  (Fig.  2).  This  growth-suppressive  effect  of  squalamine 
appears  restricted  to  endothelial  cells  since  the  compound  had  no  direct  inhibitory  effect  on  the  proliferation  of 
ovarian  2008  cancer  cells,  either  with  or  without  HER-2  gene  overexpression  (Fig.  2). 


Fig.  2.  Squalamine  inhibits  VEGF-induced  proliferation  of  endothelial  cells  in  vitro,  but  does  not  directly  affect 
the  growth  of  ovarian  epithelial  tumor  cells  in  vitro.  Human  imibilical  vein  endothelial  cells  (HUVEC),  ovarian 
2008  parental  cells  (2008PR)  and  ovarian  2008  HER-2-overexpressing  cells  (2008H2)  were  grown  in  vitro  in 
the  presence  of  vascular  endothelial  cell  grov^th  factor  (VEGF;  20  ng/ml)  or  control  vehicle  (CON),  squalamine 
(SQ;  16  pM )  or  combinations  of  VEGF  with  squalamine  (VEGF/SQ)  for  three  days.  In  additional  control 
studies,  squalamine  at  8  pM  and  16  pM  also  elicited  no  direct  effect  on  proliferation  in  vitro  of  CAOV3 
ovarian  cancer  cells  with  HER-2  overexpression  (data  not  shown).  All  data  are  from  triplicate  determinations 
of  cell  numbers,  with  results  presented  as  mean  ±  SEM. 
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2.b.  Squalamine  Blocks  VEGF-Induced  Activation  of  MAP  Kinase  in  vitro. 


VEGF  exerts  its  biologic  effects  by  binding  with  receptor  tyrosine  kinases,  notably  Flt-1  and  Flk-l/KDR, 
present  at  the  surface  of  endothelial  cells  (9).  Post-receptor  signal  transduction  regulates  the  effects  of  VEGF, 
and  the  proliferative  action  of  VEGF  in  endothelial  cells  has  been  associated  with  VEGF-induced  tyrosine 
phosphorylation  and  stimulation  of  mitogen-activated  protein  kinases  (MAP  kinase),  extracellular  signal- 
regulated  kinase  ERK-1  (p44  and  ERK-2  (p42  (9, 10).  On  the  assumption  diat  blockade  of 

endothelial  cell  proliferation  by  squalamine  may  occur,  in  part,  by  suppression  of  MAP  kinase  signaling 
cascades  induced  by  growth  factors,  VEGF-induced  tyrosine  phosphorylation  of  MAP  kinases  was  assessed. 
As  expected,  VEGF  promotes  tyrosine  phosphorylation  of  MAP  kinase  isoforms,  with  maximal  effects  evident 
by  10  min  (Fig.  3).  However,  after  administration  of  squalamine,  the  VEGF-stimulated  phosphorylation  of 
MAP  kinase  isoforms  is  significantly  suppressed,  especially  after  30  min  exposure  to  VEGF  (Fig.  3). 


VEGF  SQ  VEGF+SQ 
Cn  10'  30’  Cn  10’  30' 


-  phospho  -p44  MARK 

-  phospho  -p42  MARK 


-  p44  MARK 

-  p42  MARK 


Fig.  3.  Squalamine  blocks  VEGF-stimulated  tyrosine  phosphorylation  of  MAP  kinase  in  HUVEC  cells  in  vitro. 
Quiescent  HUVEC  cells  were  treated  with  control  vehicle  ( Cn ),  VEGF  ( 50  ng/ml ),  squalamine  (SQ  ;  1.6  pM) 
or  VEGF  in  combination  with  squalamine  (VEGF  +  SQ)  for  10  or  30  minutes  in  vitro.  Lysates  were  prepared 
and  processed  as  before  (28,3 1).  A,  Western  blotting  was  performed  with  anti-phospho-p44/42  MAP  kinase 
monoclonal  antibody  as  previously  (32).  B,  Paired  samples  were  used  for  Western  blotting  with  anti-p44/42 
MAP  kinase  monoclonal  antibody  to  confirm  similar  total  protein  load  in  each  lane.  Treatment  of  HUVEC  cells 
in  vitro  with  squalamine  at  0.8  pM  elicited  a  similar  block  of  VEGF-stimulated  tyrosine  phosphorylation  of 
MAP  kinase  (data  not  shown). 

AIM  3  )  Investigation  of  the  efficacy  of  squalamine  alone  and  combined  with  other  antitumor  agents  in 
blocking  the  in  vivo  growth  and  progression  of  human  ovarian  cancer  xenografts  in  nude  mice. 

3.a.  Squalamine  and  Platinum-Based  Chemotherapeutic  Agents  Block  Growth  of  Ovarian  Tumor  Xenografts  in 
vivo. 

Potential  antitumor  effects  of  the  angiostatic  steroid  squalamine  were  assessed  in  murine  tumor  xenografts  in 
the  absence  and  presence  of  cisplatin  chemotherapy.  Human  ovarian  2008  cancer  cells  without  (Fig.  4A)  or 
with  HER-2  overexpression  (Fig.  4B)  were  grown  as  subcutaneous  tumors  in  nude  mice.  Tumors  were  grown 
to  150-200  mm^  in  size.  Then,  animals  with  established  tumors  were  treated  with  control  solution,  cisplatin 
alone  (4  mg/kg)  on  day  1,  squalamine  alone  (2  mg/kg)  on  days  1-10,  or  cisplatin  (day  1)  in  combination  with 
squalamine  (days  1-10).  Doses  of  cisplatin  that  resulted  in  only  partial  growth  inhibition  (26,29)  were  chosen 
for  these  combination  experiments  in  order  to  ensure  use  of  the  chemotherapeutic  agant  at  a  level  that  would  not 
totally  suppress  tumor  growth,  thus  allowing  detection  of  any  potential  additive  effects  of  a  squalamine- 
cisplatin  interaction.  By  28  days,  both  2008  parental  and  HER-2-overexpressing  tumors  showed  little  overall 
response  to  therapy  with  cisplatin  alone  although  there  was  some  early  indication  of  tumor  response  to  cisplatin 
treatment.  Squalamine  elicited  a  partial  reduction  in  tumor  size  as  compared  to  controls  (P<0.01)  in  both  2008 
parental  (Fig.  4A)  and  HER-2-overexpressing  (Fig.  4B)  tumors.  More  profoimd  tumor  growth  inhibition  (94- 
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95%  of  controls)  was  elicited  by  combined  treatment  with  squalamine  and  cisplatin  (P<0.001)  in  both  2008 
parental  (Fig.  4A)  and  HER-2-overexpressing  (Fig.  4B)  cancers. 


Fig.  4.  Squalamine  inhibits  growth  of  ovarian  2008  parental  and  HER-2-overexpressing  tumor  xenografts  in 
nude  mice  and  enhances  the  cytotoxic  effects  of  cisplatin.  A,  Ovarian  2008  parental  tumor  cells  were 
inoculated  subcutaneously  in  nude  mice  as  before  (26,29).  B,  Ovarian  2008  HER-2-overexpressing  cancer  cells 
were  inoculated  subcutaneously  in  nude  mice  (26,29).  After  7  days,  animals  with  tumors  of  comparable  size 
were  randomized  to  treatment  with  control  vehicle  (CON),  squalamine  (SQ;  2  mg/kg  on  days  1-10),  cisplatin 
(Pt;  4  mg/kg  on  day  1),  or  cisplatin  administered  in  combination  with  squalamine  (SQ/Pt).  Results  are 
expressed  as  mean  ±  SEM  for  tumor  volumes  (mm^)  measured  over  a  28-day  experimental  period.  Based  on 
previous  work  (21,26,29,35),  cisplatin  (4mg/kg )  was  administered  at  doses  less  than  the  MTD  in  an  attempt  to 
allow  any  additive  effects  of  combination  treatment  with  cisplatin  and  squalamine  to  be  deteeted  (21,26).  The 
2mg/kg  squalamine  dose  was  selected  as  being  the  minimal  daily  dose  previously  shown  to  be  significantly 
active  in  a  tumor  xenograft  model  in  combination  with  a  platinum  agent  (22).  All  animal  studies  were 
conducted  aceording  to  protocols  approved  by  the  UCLA  animal  research  committee. 

The  antitumor  effects  of  squalamine  with  and  without  platinum-based  chemotherapy  were  also  assessed 
using  a  different  ovarian  tumor  xenograft,  CAOV3,  that  has  been  transfected  to  exhibit  HER-2  overexpression 
(Fig.  5A).  After  tumor  growth  to  50-60  mm^,  animals  were  treated  with  control  solution,  carboplatin  alone  (60 
mg/kg)  on  day  1,  squalamine  alone  (2  mg/kg)  on  days  1-10,  or  carboplatin  (day  1)  in  combination  with 
squalamine  (days  1-10).  By  28  days,  CAOV3  HER-2-overexpressing  tumors  showed  minimal  response  to 
therapy  with  carboplatin  alone  (Fig.  5A).  As  with  the  2008  tumors,  squalamine  as  a  single  agent  elicited  a 
partial  reduction  in  CAOV3  tumor  size  as  compared  to  controls  (P<0.05)  (Fig.  5A).  More  marked  inhibition  of 
tumor  growth  was  elicited  by  combined  treatment  with  squalamine  and  carboplatin  (P<0.001;  Fig.  5  A). 

The  tumor  growth  inhibition  seen  with  combined  squalamine  and  platinum-based  chemotherapeutics  for 
both  human  ovarian  tumor  lines  persisted  for  up  to  18  days  following  cessation  of  squalamine  treatment.  We 
therefore  investigated  how  long  bioactivity  persisted  with  combined  cisplatin  and  squalamine  treatment  of 
HER-2-overexpressing  CAOV3  tumors  by  maintaining  the  dual  therapy  animal  cohort  imtil  the  mean  tumor  size 
for  these  animals  reached  500  mm^  (Fig.  5B).  After  tumor  growth  to  50-60  mm^  animals  with  established 
tumors  were  treated  with  control  solution,  cisplatin  alone  (4  mg/kg)  on  day  1,  squalamine  alone  (2  mg/kg)  on 
days  1-10,  or  cisplatin  (day  1)  combined  with  squalamine  (days  1-10).  As  compared  with  control  tumor  xeno¬ 
grafts,  the  caleulated  tumor  growth  delay  in  established  tumors  was  7  days  for  cisplatin  therapy  alone,  28  days 
for  squalamine  treatment  alone,  and  91  days  for  squalamine  with  cisplatin  (Fig.  5B).  Combined  squalamine- 
cisplatin  therapy  was  nontoxic  as  assayed  by  no  animal  death  or  significant  weight  loss  during  the  study  period. 
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enhances  cj^otoxic  effects  of  cisplatin  and  carboplatin.  A,  CAOV3  ovarian  cancer  cells  were  inoculated  SC  in 
nude  mice.  After  7  days,  animals  with  tumors  of  comparable  size  were  randomized  to  treatment  with  control 
solution  (CON),  squalamine  (SQ;  2  mg/kg  on  days  1-10),  carboplatin  (CPt;  60  mg/kg  on  day  1),  or  carboplatin 
given  in  combination  with  squalamine  (SQ/CPt).  Results  are  given  as  mean  ±  SEM  for  tumor  volumes  (mm^) 
measured  over  a  28-day  period.  B,  CAOV3  ovarian  cancer  cells  were  inoculated  SC  in  nude  mice.  After  7 
days,  animals  with  tumors  of  comparable  size  were  randomized  to  treatment  with  control  solution  (CON), 
squalamine  (SQ;  2  mg/kg  on  days  1-10),  cisplatin  (Pt;  4  mg/kg  on  day  1),  or  cisplatin  with  squalamine  (SQ/Pt). 
Tumor  volumes  (mmj  are  expressed  as  mean  ±  SEM  for  measurements  to  assess  tumor  growth  delay  due  to 
treatments  (20).  Based  on  previous  work  (21,26,29,33),  cisplatin  (4mg/kg )  and  carboplatin  (60  mg/kg)  were 
given  at  doses  <  MTD  to  allow  additive  effects  of  combined  treatment  with  platinum  agents  and  squalamine  to 
be  detected  (21,26).  Tumor  growth  delay  was  calculated  by  graphing  the  volume  of  each  treatment  group  and 
calculating  the  number  of  additional  days  it  took  to  reach  500  mm^  compared  with  control  (20). 

3.b.  Squalamine  and  Cisplatin  Promote  Ovarian  Tumor  Cell  Apoptosis  in  vivo. 

To  assess  molecular  effects  of  squalamine  and  cisplatin,  ovarian  2008  parent  and  HER-2-overexpressing  tumor 
xenografts  remaining  after  treatments  with  squalamine,  cisplatin  or  a  combination  of  the  reagents  were 
harvested  and  assessed  for  ovarian  tumor  cell  apoptosis  in  vivo.  For  evaluation  of  apoptosis,  the  modified 
TUNEL  assay  (34, 35)  was  performed  on  tissue  sections.  The  assays  showed  evidence  of  increased  apoptosis  in 
ovarian  2008  parental  tumor  cells  treated  with  squalamine  alone,  cisplatin  or  combined  cisplatin-squalamine  as 
compared  to  appropriate  controls  (all  at  P<0.05)  (Fig.  6A).  The  2008  HER-2-overexpressing  ovarian  tumors 
displayed  less  apoptotic  activity  than  2008  parental  cancers  with  all  treatments  (P<0.05).  Although  apoptosis 
tended  to  be  higher  after  administration  of  either  squalamine  or  cisplatin  alone,  only  treatment  with  squalamine 
in  combination  with  cisplatin  elicited  a  significant  increase  in  the  extent  of  apoptosis  of  HER-2-overexpressing 
ovarian  cancers  (P<0.001)  (Fig.  6A).  The  results  suggest  that  squalamine  enhances  cytotoxic  effects  of  cisplatin 
chemotherapy  for  human  ovarian  cancer  cells  by  increasing  levels  of  tumor  cell  apoptosis  produced  by  cisplatin 
exposure,  either  with  or  without  HER-2  oncogene  overexpression. 


CN  SQ  Pt  SQ/Pt 


Fig.  6.  Effects  of  squalamine  and  cisplatin  on  ovarian  tumor  cell  apoptosis  and  tumor-associated  angiogenesis 
in  vivo.  At  the  end  of  experiments,  tumors  were  exeised,  fixed  and  embedded  using  established  procedures  (36). 
A,  A  modified  TUNEL  assay  was  used  in  ovarian  2008  parental  (PAR)  and  HER-2-overexpressing  (HER2) 
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tumor  sections  to  compare  tumor  cell  apoptosis  in  vivo  among  the  different  treatment  groups,  including  control 
(CN),  squalamine  (SQ;  2  mg/kg  on  days  1-10),  cisplatin  (Pt;  4  mg/kg  on  day  1),  and  squalamine-cisplatin 
(SQ/Pt;  squalamine  combined  with  cisplatin)  (Fig.  4).  The  apoptotic  index  was  assessed  as  before  (23,34,35, 
37).  B,  Squalamine  and  cisplatin  inhibit  tumor-associated  angiogenesis  in  ovarian  2008  parental  and  HER-2- 
overexpressing  tumor  xenografts  in  nude  mice.  Immunohistochemical  staining  for  vWF  was  used  to  quantitate 
blood  vessel  density  (blood  vessels  /hpf)  in  tumor  sections  as  before  (23,34).  The  treatment  groups  included 
control  (CN),  squalamine  (SQ;  2  mg/kg  on  days  1-10),  cisplatin  (Pt;  4  mg/kg  on  day  1),  squalamine-cisplatin 
(SQ/Pt;  squalamine  plus  cisplatin)  (Fig.  4A,B).  Results  are  expressed  as  mean  ±  SEM  of  appropriate  values. 

3.C.  Squalamine  Down-Regulates  Ovarian  Tumor-Associated  Angiogenesis  but  not  VEGF  Production  in  vivo. 

Tissue  sections  of  parent  and  HER-2-overexpressing  2008  tumor  xenografts  remaining  after  treatments  with 
squalamine,  cisplatin  or  a  combination  of  the  reagents  (Fig.  4)  were  prepared  for  immunohistochemical  staining 
with  human  von  Willebrand  Factor  (vWF)  to  detect  blood  vessels  (34).  On  scoring  of  tumor  microvessel 
density,  2008  HER-2-overexpressing  tumors  exhibited  more  angiogenic  activity  than  2008  parental  cancers 
(P<0.001)  (Fig.  6B).  Treatment  with  squalamine  alone  elicited  a  reduction  of  tumor-associated  blood  vessel 
density  for  either  ovarian  tumor  (P<0.001)  (Fig.  6B),  and  the  immunohistochemical  analyses  also  revealed  a 
reduction  of  tumor-associated  angiogenesis  in  mice  treated  with  cisplatin  plus  squalamine  (P<0.01)  (Fig.  6B). 
No  significant  differences  in  microvessel  density  were  found  between  groups  treated  with  cisplatin  alone  and 
controls.  The  results  suggest  that  squalamine  is  antiangiogenic  for  ovarian  cancer  cells  with  or  without  HER-2 
overexpression.  Squalamine-induced  suppression  of  tumor  microvessels  is  also  a  sustainable  event  since  it  was 
noted  up  to  18  days  following  the  last  squalamine  dose. 

KEY  RESEARCH  ACCOMPLISHMENTS 

•  Profoimd  growth  inhibition  was  elicited  by  squalamine  alone  and  by  combined  treatment  with 
squalamine  and  cisplatin  for  both  parental  and  HER-2-overexpressing  ovarian  tumor  xenografts. 

•  Immunohistochemical  evaluation  of  tumors  revealed  decreased  microvessel  density  and  increased 
apoptosis.  Although  HER-2-overexpressing  tumors  had  more  angiogenic  and  less  apoptotic  activity 
than  parental  cancers,  growth  of  both  tumor  types  was  similarly  suppressed  by  treatment  with 
squalamine  combined  with  cisplatin. 

•  In  in  vitro  studies,  we  found  that  squalamine  does  not  directly  affect  proliferation  of  ovarian  cells. 
However,  squalamine  significantly  blocked  VEGF -induced  activation  of  MAP  kinase  and  cell 
proliferation  in  human  vascular  endothelial  cells. 

•  The  results  suggest  that  squalamine  is  antiangiogenic  for  ovarian  cancer  xenografts  and  appears  to 
enhance  cytotoxic  effects  of  cisplatin  chemotherapy  independent  of  HER-2  tumor  status. 

REPORTABLE  OUTCOMES 

Presentations 


1 .  “Squalamine  and  Cisplatin  Block  Angiogenesis  and  Growth  of  Human  Ovarian  Cancer  Cells  With  or 
Without  HER-2  Gene  Overexpression”.  Presented  at  Jonsson  Comprehensive  Cancer  Center  Seminar 
Series,  UCLA  (2001). 


No  publications,  patents,  development  of  cell  lines,  informatics  or  additional  ftmding  or  research  opportunities 
to  be  reported  at  ^s  time. 
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CONCLUSIONS 


The  potential  role  of  squalamine,  a  natural  antiangiogenic  sterol,  in  treatment  of  ovarian  cancers  with  or 
without  standard  cisplatin  chemotherapy  was  assessed.  Since  HER-2  gene  overexpression  is  associated  with 
cisplatin  resistance  in  vitro  and  promotion  of  tumor  angiogenesis  in  vivo,  the  response  of  ovarian  cancer  cells 
wi^  or  without  HER-2  gene  overexpression  to  squalamine  and  cisplatin  was  also  evaluated  in  tumor  xenograft 
models  and  in  tissue  culture.  Profound  growth  inhibition  was  elicited  by  squalamine  alone  and  by  combined 
treatment  with  squalamine  and  cisplatin  for  both  parental  and  HER-2-overexpressing  ovarian  tumor  xenografts. 
Immunohistochemical  evaluation  of  tumors  showed  decreased  microvessel  density  and  increased  apoptosis. 
Although  HER-2-overexpressing  tumors  had  more  angiogenic  and  less  apoptotic  activity  than  parental  cancers, 
growth  of  both  tumor  types  was  similarly  suppressed  by  treatment  with  squalamine  combined  with  cisplatin.  In 
in  vitro  studies,  we  found  that  squalamine  does  not  directly  affect  proliferation  of  ovarian  cells.  However, 
squalamine  significantly  blocked  VEGF-induced  activation  of  MAP  kinase  and  cell  proliferation  in  human 
vascular  endothelial  cells.  The  results  suggest  that  squalamine  is  antiangiogenic  for  ovarian  cancer  xenografts 
and  appears  to  enhance  cytotoxic  effects  of  cisplatin  chemotherapy  independent  of  HER-2  tumor  status.  Further 
experiments  are  ongoing  in  accord  with  our  statement  of  work 
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